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Abstract

Introduction: Complications arising from hospitalization
due to COVID-19 have great impact on the physical
health of individuals. One of the consequences that
deserves attention is muscle weakness, which can be
influenced by several factors, generating consequences
that may need rehabilitation. Objective: To relate the
degree of peripheral and respiratory muscle strength to
sociodemographic, clinical, and hospitalization variables
close to discharge after hospitalization due to COVID-19.
Methods: This cross-sectional study analyzed data for 52
patients hospitalized for COVID-19 who were interviewed
close to discharge to determine sociodemographic and
clinical profiles and underwent muscle strength testing.
Peripheral muscle strength was evaluated using the
Medical Research Council scale, and respiratory strength
was determined according to maximum inspiratory
and expiratory pressure measured with a vacuometer.
Hospitalization data were collected from patient medical
records. Results: Peripheral strength was reduced in
53.9% of the sample, and the related variables (p <
0.05) were age, weight, cancer, high blood pressure,
physical therapy, and number of physiotherapy sessions.
Inspiratory force was reduced by 50% of individuals and
expiratory force in 60% individuals, and these reductions
were related (p < 0.05) to sex, high blood pressure, age,
and weight. Conclusion: Close to COVID-19 hospital
discharge, over 50% of patients exhibited peripheral and
respiratory muscle weakness, associated with advanced
age, hypertension, and low weight. Those with peripheral
weakness received more physiotherapy and had more
oncological diseases, while respiratory weakness was
more common in men. This underscores the importance
of preventive measures and post-hospitalization rehabili-
tation programs, including physiotherapy, for muscle

strength recovery.
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Resumo

Introducgéo: As complicagbes decorrentes da hospitalizagédo por
COVID-19 tém grande impacto na saude fisica dos individuos.
Uma das consequéncias que merece atengdo é a fraqueza
muscular, que pode ser influenciada por diversos fatores, ge-
rando consequéncias que podem necessitar de reabilitagio.
Objetivo: Relacionar o grau de forca muscular periférica e
respiratéria com varidveis sociodemograéficas, clinicas e de
internacdo préximo a alta apds internagdo por COVID-19.
Métodos: Este estudo transversal analisou dados de 52 pa-
cientes hospitalizados por COVID-19 que foram entrevistados
préximo a alta para determinar perfis sociodemogréficos e
clinicos e que foram submetidos a testes de forca muscular. A
forca muscular periférica foi avaliada pela escala do Medical
Research Council, e a forca respiratéria foi determinada de
acordo com a pressdo inspiratdria e expiratéria maxima medida
com vacuémetro. Os dados de internagdo foram coletados dos
prontudrios dos pacientes. Resultados: A forca periférica esteve
reduzida em 53,9% da amostra e as varidveis relacionadas
(p < 0,05) foram idade, peso, céncer, hipertensdo, fisioterapia
e numero de sessées de fisioterapia. A forca inspiratéria foi
reduzida em 50% dos individuos e a forca expiratéria em 60%
dos individuos, e essas redugées foram relacionadas (p < 0,05)
ao sexo, pressdo arterial elevada, idade e peso. Conclusdo:
Préximo & alta hospitalar da COVID-19, mais de 50% dos pacien-
tes apresentavam fraqueza muscular periférica e respiratéria
associada a idade avancada, hipertensdo e baixo peso. Aqueles
com fraqueza periférica receberam mais fisioterapia e tiveram
mais doengas oncoldgicas, enquanto a fraqueza respiratdria foi
mais comum em homens. Isto ressalta a importédncia de medidas
preventivas e programas de reabilitagdo pds-hospitalizagdo,

incluindo fisioterapia, para a recuperacdo da for¢ca muscular.

Palavras-chave: COVID-19. Hospitalizaggo. Pressées respiraté-

rias méximas. Forca muscular. Modalidades de fisioterapia.

Introduction

Infection by COVID-19 causes various symptoms and
morbidities that vary according to individual genetics,
ethnicity, age, and geographic location, and mainly affect
the respiratory system, although other organ systems
are also involved." After two years of the COVID-19
pandemic it is clear that the lungs are most significantly
impacted by this coronavirus, and researchers perceived
the need to identify damage secondary to the disease.
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Together with lung impairment, bed rest and immobility
are typical of prolonged hospital stays and affect
physical condition.?2 Many studies have found that the
most common abnormality after hospitalization due
to COVID-19 is impaired diffusion capacity, and new
research shows that this provokes severe functional
consequences in all systems that require post-hospital
rehabilitation.®

One notable sequela of COVID-19 is the loss of
respiratory muscle strength. Reduced inspiratory pres-
sure suggests diaphragm weakness, and when asso-
ciated with decreased expiratory pressure indicates
musculoskeletal weakness, both highly disabling.* Al-
though the pathophysiology of COVID-19 explains its
relationship with reduced respiratory muscle strength,
the literature is still scarce and controversial. Truffaut et
al.> concluded that half the individuals they followed still
had respiratory strength impairment one month after
hospital discharge; other authors suggest that recovery
from COVID-19 is faster than from other causes of acute
respiratory failure.® Even so, factors related to hospital-
ization are known to contribute to the heterogeneous
data on this topic. For example, invasive mechanical ven-
tilation itself is a risk factor for diaphragm weakness.’

Another factor to be considered at hospital discharge
is peripheral muscle strength, which is also associated
with impacts on the patient's functionality.® The litera-
ture still lacks studies on the aftereffects of COVID-19
infection in overall muscle function, but there is believed
to be a negative relationship. Long hospitalizations and
periods of bed rest, prescribed as a way to minimize
metabolic demand and redirect resources toward recov-
ery, accelerate musculoskeletal declines and lead to
post-clinical outcomes that require rehabilitation.®

This study investigates the relationship between the
degree of peripheral and respiratory muscle strength
and sociodemographic, clinical, and hospitalization
profile among patients close to hospital discharge due
to COVID-19.

Methods

This cross-sectional observational study investigated
a sample of 52 patients diagnosed with COVID-19 who
were admitted to the Santa Casa de Misericordia Hospital
in Vitdria, Espirito Santo, Brazil, between November 2020
and July 2021. The study was approved by the institu-
tional review board (CAAE No. 33249120.2.0000.5065).
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Patients over 18 years of age who were hospitalized
primarily due to COVID-19 (diagnosis confirmed by
RT-PCR assay) were included. Patients with difficulties
for understanding or responding adequately to
questionnaires and performing the proposed tests for
any reason or with intercurrences such as subsequent
death or hospitalization prolonged for more than 72
hours after the researcher's evaluation were excluded.

The interviews and evaluations were performed at the
bedside close up to 72 hours before hospital discharge;
the estimated day for discharge was reported in the
patients' electronic medical records. The evaluations
involved application of a semi-structured questionnaire,
scales, and tests to assess social, demographic, and
clinical profile and peripheral and respiratory muscle
strength. Hospitalization data were collected from the
patient's digital medical record after discharge.

The sociodemographic profile was composed of
age, sex, marital status, education, and race. The clinical
profile consisted of self-reported weight, COVID-19
symptoms, associated diseases, and the presence of
dyspnea during daily activities as determined by the
modified Medical Research Council Dyspnea Scale
(mMRCQC). Individuals with dyspnea grades 2, 3, and 4
were classified as having dyspnea.’

Hospitalization data included days of hospitalization,
admission to the intensive care unit (ICU), use and days
of oxygen therapy, use of noninvasive and invasive
mechanical ventilation (NIV and IMV, respectively), and
number of physiotherapy sessions. These data were
collected after confirmation of hospital discharge.

Peripheral muscle strength was measured by the
Medical Research Council (MRC) instrument validated
for the hospital environment by Jonghe et al.’ This scale
ranges from 0 (no contraction) to 5 (normal muscular
strength against resistance) for each of the six bilateral
muscle groups evaluated (shoulder abductors, elbow
flexors, wrist extensors, hip flexors, knee extensors, and

[.,"" muscle

dorsiflexors). In accordance with Hermans et a
weakness was considered when the score was < 48.
Inspiratory and expiratory muscle strength was
measured via maximum inspiratory pressure (MIP) and
maximal expiratory pressure (MEP), using a calibrated
analog manometer (Commercial Médica brand), whose
scale has intervals of 10 cmH,O and a range of -150 to
+150 cmH,O. The measurements were taken with the
patient sitting, and each phase of the respiratory cycle
was measured three times. The maximum value obtained
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was used for comparison against the pre-existing
standard reference values for the Brazilian population
for age and sex described by Costa et al.'?

The descriptive analysis of the qualitative variables
was reported using absolute and relative frequencies,
while the quantitative variables were expressed as means
and standard deviation or as median and interquartile/
minimum and maximum intervals, depending on the
normality of the data as determined by the Kolmogorov-
Smirnov test. Spearman's correlation test was used to
evaluate the correlation between quantitative variables;
r < 0.4 was considered weak correlation, r = 0.4 - 0.7
was considered moderate, and r > 0.7 was considered
strong.”® The chi-square test or Fisher's exact test were
used to analyze the associations between qualitative
variables, and for the qualitative and quantitative
variables, the Mann-Whitney test was conducted; 5%
(p =< 0.05) significance was adopted for all analyses.

Results

Eight of the 60 patients evaluated were excluded,
leaving a total of 52 individuals for the peripheral muscle
strength outcome and 50 for respiratory muscle strength
(two patients were unable to perform vacuometry). Most
of the sample consisted of women with a median age of
59 years and a partner, over nine years of education and
self-declared as non-white. In terms of clinical profile,
median weight was 79 kg; the most frequent symptoms
of COVID-19 were fever, dry cough, and fatigue. Half
of the sample had previous high blood pressure and
reported dyspnea at discharge (Table 1).

Median hospitalization for the sample was 7.5 days,
19.2% required ICU care, most (67.3%) needed oxygen
therapy for a median of 2.5 days, 15.4% required NIV,
only one individual required IMV, and 78.8% received
physical therapy, for a median of seven sessions (Table
2). Peripheral muscle strength was reduced in 53.9% of
the sample. Age, weight, high blood pressure, cancer,
and physical therapy were associated with this variable
(p < 0.05) (Figure 1). Assessment of respiratory muscle
strength determined that MIP and MEP values were
lower than expected in 50% and 60% of the sample,
respectively. Inspiratory weakness was significantly
associated (p < 0.05) with sex and high blood pressure,
and expiratory weakness was associated with body mass
index (BMI) classification (Figure 2).

Fisioter Mov. 2024;37:e37105 3



FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

150
34
100
’ 1
100 T
_ 5
- 60 =
= 5 ]
> 2
% 2 L
< 4 38
035
20
0 0
Preserved Weakness Preserved Weakness
Peripheral muscle strenght Peripheral muscle strenght
30 30
p=0.03 p=005
25 25
<
20 2 20
5 o
[] o
2 15 < 15
8 S
10 2 10
2
T
5 5
0 0
Preserved Weakness Preserved Weakness
Peripheral muscle strenght Peripheral muscle strenght
30
p=0.04
oy
c 20
[}
=
g
2 10
=
o
0
Preserved Weakness

Peripheral muscle strenght

. Yes No

Figure 1 - Sociodemographic and clinical profile of patients (n = 52) hospitalized with COVID-19 between November
2020 and June 2021 at the Santa Casa de Misericérdia Hospital in Vitdria, Espirito Santo, Brazil.
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Table 1 - Sociodemographic and clinical profile of
patients (n = 52) hospitalized with COVID-19 between
November 2020 and June 2021 at the Santa Casa de

Misericérdia Hospital in Vitdria, Espirito Santo, Brazil
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Table 2 - Hospitalization data and muscle force values for
patients (n = 52) hospitalized with COVID-19 between
November 2020 and June 2021 at the Santa Casa de
Misericérdia Hospital in Vitéria, Espirito Santo, Brazil

Variable n (%) Variable n (%)
Age* 59 (43 - 66) Days hospitalized* 7.5(4-11)
Sex Required intensive care 10(19.2)
Female 28 (53.9) Required oxygen 35(67.3)
Male 24 (46.1) Days oxygen used* 2.5(0-5)
Marital status Non-invasive ventilation 8(15.4)
Partnered 29 (55.8) Mechanical ventilation 1(2.0)
Unpartnered 23(44.2) Sedation 1(2.0)
Education level Physical therapy 41(78.9)
Up to 9 years 51(50.1) Physical therapy sessions* 7(1-12)
> 9 years 35(67.3) Dyspnea present 26(50.0)
Race Peripheral muscle strength

White 20(38.5) Medical Research Council Scale total score* 48 (42 - 54)
Nonwhite 32(61.5) Muscle weakness 28(53.9)

Weight (kg)*
Symptoms of COVID-19

79 (64.5-92.5)

Fever 41(78.8)
Dry cough 38(73.0)
Body aches 34 (65.4)
Strong cold 23(44.2)
Shortness of breath 31(59.6)
Fatigue 36(69.2)
Associated illnesses
High blood pressure 26 (50.0)
Diabetes 13(25.0)
Cardiopathy 8(15.4)
Metabolic disease 7(13.5)
Respiratory disease 8(15.4)
Cancer 10(19.2)
Note: *Median (interquartile interval: 25 - 75%).
30
% p <0.001
20
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o L I
Preserved Weakness

Inspiratory muscle strenght

Figure 2 - Association of sociodemographic, clinical, and

respiratory muscle weakness (p < 0.05).
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Inspiratory muscle strength (n = 50)
60(42.5-100)
25(50.0)

Total maximum inspiratory pressure score*

Inspiratory muscle weakness

Expiratory muscle strength (n = 50)
Total maximum expiratory pressure score* 55(40.0-100)

Expiratory muscle weakness 30(60.0)

Note: *Median (interquartile interval: 25 - 75%).

An inversely proportional correlation was also
observed between age and peripheral muscle strength
(r=-0.48), physiotherapy sessions and peripheral muscle
strength (r = -0.41), and age and inspiratory muscle
strength (r = -0.45). Weight was shown to be directly and
moderately correlated with inspiratory and expiratory
muscle strength: the higher the weight, the greater the
respiratory muscle strength. All statistically significant

correlations are shown in Figure 3.
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Figure 3 - Correlations between muscle strength and sociodemographic, clinical, and hospitalization variables

(p < 0.05).

Note: MIP = maximum inspiratory pressure (mmHg); MEP = maximum expiratory pressure (mmHg).
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Discussion

Close to discharge, more than half of the sample
exhibited peripheral and expiratory muscle weakness
and half presented inspiratory muscle weakness, cor-
roborating evidence indicating an association between
muscle weakness COVID-19 infection.*'*1% Due to low
levels of physical activity or associated diseases, muscle
strength may diminish prior to infection, and when
patients are infected their clinical condition may worsen
and lead to hospitalization.'™® Immune function is
known to improve with regular physical activity,
reducing the risk of systemic inflammation, which is
the main aggravating factor of COVID-19."” Because
musculoskeletal weakness is a direct consequence
of physical inactivity, these patients will present a low
immune response to metabolic stress during infection.’®
Other risk factors described in the literature such as sex,
advanced age, and underlying health conditions may
also affect muscle strength.'® In this study, higher levels
of inspiratory muscle strength were observed in women
than men. Divergent results have indicated that women
had lower MIP levels due to reduced muscle mass and
fibers.* However, hormonal factors and lifestyle habits
make women more resistant to infections, helping to
preserve muscle during infection by Sars-Cov-2."?

Median age was higher in the group with peripheral
muscle weakness and inspiratory muscle weakness than
in the group without weakness."*"® Deterioration of
muscle fibers and changes in pulmonary compliance due
to aging lead to reduced muscle mass and respiratory
deficiency, and levels of physical activity also drop with

age.2°'21

For this reason, monitoring muscle strength
in the elderly is important for promoting health and
managing potential COVID-19-related health risks."®
High blood pressure is another risk factor for the
severity of COVID-19 due to metabolic and inflammatory
changes that cause oxidative damage to the already
burdened heart muscle.?? The observed association be-
tween muscle weakness and hypertension is because
individuals with lower muscle strength are more likely to
develop high blood pressure. This relationship suggests
that musculoskeletal weakness is not only an isolated
risk factor for severe illnesses but can also influence the
manifestation of other risk factors. Additionally, it's worth
noting that greater muscle conditioning can release
hormones such as oxytocin and peptides, which have
the potential to reduce arterial stiffness.?®2?* Therefore,
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muscle strengthening programs can be considered
beneficial for hypertensive patients, assisting in reducing
COVID-19-related complications.?®

Like high blood pressure, cancer is also an isolated
risk factor for the disease, with up to 60% greater risk
for hospitalization. Immunosuppression resulting from
cancer treatment is believed to be largely responsible
for this relationship, due to greater degradation and re-
duced protein synthesis in the muscles.?>?” Furthermore,
characteristics of hospitalization such as immobility and
bed rest (which are frequent in cases of cancer and
COVID-19) also affect the musculoskeletal system.?
For this reason, preventing contagion and functional
sequelae should be reinforced in this population since
they face greater risk of muscle weakness.?'®

This study also found that individuals with reduced
respiratory strength were lighter than healthy individuals.
In hospital settings, patients are often immobile and
tend to lose muscle mass and fibers, which can decrease
weight and, in turn, muscle strength.?® Other hypotheses
for this finding are the higher median age of the group
with muscle weakness, since muscle mass diminishes
with increasing age,?® and the predominance of type
muscle fibers in heavier individuals, since these fibers
generate greater muscle strength potential and maintain
respiratory pressures within normal ranges.?? Still, weight
is known to not be an independent factor for predicting
strength; the pattern of body mass distribution should
also be considered, and bioimpedance studies are
essential to clarify this association.

In addition to being a risk factor, reduced muscle
strength is a consequence of hospitalization due to
COVID-19 and of the disease itself.?3° The need for
respiratory isolation, for example, restricts patients to
their beds for long periods.? Another point for further
investigation is the symptomatology of the disease.
Fatigue, body pain, and dyspnea were reported by
over half the sample; these symptoms are highly
incapacitating, and patients require rest to reduce
metabolic demands, leading to immobility."

Another characteristic of hospitalization that con-
tributes to reduced strength is weakness after intensive
care; this phenomenon has been addressed in the litera-
ture and is directly related to mechanical ventilation.3?
Despite the low prevalence of intensive care and IMV
and the absence of significant associations in the study,
it is important to understand the role of these and other
factors that induce immobility and, in turn, muscle
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weakness. Furthermore, oxygen therapy and fears that
respiratory profile might deteriorate when physical
activity is performed may limit patient movement.
Considering that the median hospital stay was over 7
days, it is important to understand the importance of
preventing muscle weakness in this population.”

Previous studies found significant muscle weaknessin
a cohort of hospitalized patients compared to individuals
that were not hospitalized, and this weakness was seen
to persist up to three months after discharge.®3° As with
other respiratory conditions, more strength is lost in the
legs, severely limiting activities such as walking, climbing
stairs, and standing for long periods, which can be highly
disabling.®%

These findings show that early mobilization and
physical exercise are necessary to preventand recuperate
muscle involvement even during the acute phase of
COVID-19 infection.?*% Physical therapy has gained
prominence during the pandemic due to its important
role in preventing and rehabilitating functional sequelae
of COVID-19 infection within the hospital setting.3#%

Even so, this study showed that muscle weakness
was significantly associated with patients who received
physical therapy and was also inversely related to the
number of sessions. As in other studies,”* this finding
can be explained by the lack of time and availability of
physical therapists within Brazilian hospitals; profession-
als must prioritize the most severe cases and those with
respiratory complications to fairly treat this group of
patients.*® Although this conduct is scientifically based,
the patients who are treated already have established
sequelae, which reduces their response to treatment
and individual functionality, further reinforcing the
modern role of the physical therapist as a “rehabilitator.”
Considering that muscle strength and functionality
should be evaluated and treated early in order to halt or
impede the progress of muscle weakness and functional
disability, preventive physical therapy is important for all
individuals infected by COVID-19, especially those who
are hospitalized.

This study is limited by its cross-sectional design,
which may lead to reverse causality bias between muscle
strength and the independent variables, and memory
and registration bias due to self-reported variables taken
from patient medical records. The sample was also small,
due to the difficulty of assessing patients at the time of
discharge, and the results reflect a local reality that may
compromise external validity.
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New prospective multicenter studies with larger
samples are suggested to evaluate and monitor muscle
strength over the medium and long term. Studies that
compare strength between individuals hospitalized due
to COVID-19 infection and non-hospitalized individuals
are also necessary to better understand cause and effect.

Conclusion

Age, sex, weight, high blood pressure, cancer,
physical therapy, and number of physical therapy
sessions during hospitalization were related to
peripheral and respiratory muscle strength at hospital
discharge for COVID-19. These findings reinforce the
need for care during hospitalization for this disease via
therapeutic interventions directed at this population,
especially older people, those with lower weights, and
patients with other comorbidities such as high blood
pressure and cancer.

Early referral for and management of physical therapy
is also important, along with multiprofessional referrals
to prevent musculoskeletal and respiratory impacts and
to prevent them from persisting after hospital discharge,
optimizing functional independence and facilitating

patient reintegration into society.
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